The organic polymer containing cyclobutane rings has been incorporated into a metal-organic framework (MOF) using 1,4-bis[2-(4 0 -pyridyl)ethenyl]benzene (bpeb). This is possible because of the infinitely slip-staked conjugated CQC bonds of the bpeb ligands forming a plane in the MOF. The photo-dimerization of these CQC bond pairs in the solid state under UV light polymerized these diolefins to furnish the desired metalcomplex of the organic polymer ligand 1,3-(4,4 0 -bipyridyl)-2,4-phenylene-cyclobutane (poly-bppcb) as shown in Scheme 1. The product contains a 1D organo polymeric chain and a 1D coordination polymer fused together as metal-organo polymeric frameworks (MOPFs). The generality of the strategy for using [2+2] cycloaddition photo-polymerization reaction to make MOPF compounds should be established before MOPF compounds could be designed with desired properties for various applications. In addition, the success of this method will provide a better understanding for extending this strategy to make MOF-COF (covalent-organic framework) hybrid compounds which may have better properties of MOFs and COFs.
The organic polymer containing cyclobutane rings has been incorporated into a metal-organic framework (MOF) using 1,4-bis[2-(4 0 -pyridyl)ethenyl]benzene (bpeb). This is possible because of the infinitely slip-staked conjugated CQC bonds of the bpeb ligands forming a plane in the MOF. The photo-dimerization of these CQC bond pairs in the solid state under UV light polymerized these diolefins to furnish the desired metalcomplex of the organic polymer ligand 1,3-(4,4 0 -bipyridyl)-2,4-phenylene-cyclobutane (poly-bppcb) as shown in Scheme 1. The product contains a 1D organo polymeric chain and a 1D coordination polymer fused together as metal-organo polymeric frameworks (MOPFs). The generality of the strategy for using [2+2] cycloaddition photo-polymerization reaction to make MOPF compounds should be established before MOPF compounds could be designed with desired properties for various applications. In addition, the success of this method will provide a better understanding for extending this strategy to make MOF-COF (covalent-organic framework) hybrid compounds which may have better properties of MOFs and COFs.
We have tested the hypothesis that an infinite head-to-tail arrangement of the bpeb ligands in a plane is required such that each CQC bond in the bpeb ligand is aligned to different adjacent spacer ligands to generate poly-bppcb using a new photoreactive MOF with cds topology. Interestingly, a doubly interpenetrated structure undergoes single-crystal to single-crystal (SCSC) transformation yielding the desired MOPF containing the organic polymer as depicted in Scheme 2. The details are given in this communication.
Orange block crystals of [Zn 2 (bpeb)(bdc)(fa) 2 ] (1) suitable for single crystal X-ray data collection were obtained under solvothermal conditions from Zn(NO 3 ) 2 Á4H 2 O, 1,4-benzenedicarboxylic acid (H 2 bdc) and bpeb in a mixture of DMF (dimethylformamide) and water at 100 1C, followed by slow cooling. The origin of a formate ligand in the structure is due to the partial hydrolysis of DMF solvent under the experimental conditions. 4 Interestingly, intentional use of formic acid or sodium formate in the synthesis did not yield 1. The purity of the bulk product was however confirmed by comparing the simulated powder X-ray diffraction (PXRD) pattern of the single crystal with that of the bulk sample (Fig. S1 , ESI †). X-ray crystallographic experiments carried out at À100 1C revealed that the asymmetric unit contains only half of the atoms in the formula unit of 1. ‡ The crystallographic inversion centre is present in the middle of bpeb and bdc ligands. Further the second formate ligand is related by the n-glide through the O3 atom (Fig. 1a) . (Fig. 1b) . The 3D coordination polymer is produced by the connectivity of the spacer ligand bpeb. Dictated by the tetrahedral geometry at Zn1 in the [Zn(fa) 2 ] chain, only the alternate bpeb ligands point in the same direction as shown in Fig. 1c . Viewed along the a-axis, all these layers are well aligned leaving the bpeb ligands to occupy the channels. The resultant connectivity generated the cds topology in 1 (Fig. 1d) with Schlafli symbol {6 5 Á8}. The large void produced in this connectivity is filled by two-fold interpenetration (Fig. 1d ) with little solvent accessible void. The relative orientations of the bpeb ligands in the interpenetrated structures make 1 photoreactive. The CQC bonds in the neighbouring bpeb ligands are infinitely arranged closely in a slip-stacked manner as shown in Fig. 2 . The phenylene rings are closer to the adjacent pyridyl groups (centroid to centroid distance of 3.616 Å) showing face-to-face p-p interactions. This makes only each CQC bond in a given spacer ligand is aligned to two different neighbouring ligands and the distance between the centres of CQC bonds is 3.559 Å. The [2+2] cycloaddition reaction of 1 under UV light is expected to generate an organic polymer based on cyclobutane rings fused with the [Zn 2 (bdc)(fa) 2 ] layers forming an interesting MOPF structure.
Irradiation of the orange single crystals of 1 under a Xe-lamp of wavelength 365 nm for 2 h resulted in pale yellow broken crystals, but a single crystal suitable for the single crystal X-ray analysis was found. ‡ Further characterisation by routine solution 1 H-NMR spectroscopy was not possible due to its insolubility even in strong acids, indirectly inferring that the expected organic polymer has formed. This behaviour is very similar to that reported recently. 3 Moreover, the single crystals of 1 are also insoluble even when trying to digest using strong acids. The X-ray crystallographic analysis of [Zn 2 (poly-bppcb)(bdc)(fa) 2 ]Á H 2 O (2) revealed that the quantitative photo-cyclization accompanied by structural transformation has occurred (Fig. 3) . Although a 
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Chem. Commun., 2014, 50, 3665--3667 | 3667 different space group setting is used (P2 1 /n in 1 and to P2 1 /c in 2), 2 is essentially isomorphous to 1. Due to an increase in the volume of the unit cell (1321.91(4) Å 3 in 1 to 1433.1(5) Å 3 in 2), the crystals take up a water molecule from air during the experiment as revealed in the crystal structure (Fig. S11 , ESI †). As might be expected, the water molecule (O1SB) is stabilised by the H-bonds bound to the oxygen donors (O2 and O3) from bdc and fa (dashed lines in Fig. 3a) . The same crystallographic symmetries are present in 2 except that the c-glide is present along the [Zn(fa) 2 ] chain. Due to the poly-bppcb ligand in 2, the coordination environment at Zn1 is perturbed from a highly distorted tetrahedral geometry in 1 to a highly distorted octahedral geometry with both carboxylates chelating the Zn1 atom. Due to the formation of cyclobutane rings between the cds structures that resulted in the new polymer ligand, poly-bppcb (Fig. 3b) , the original two-fold interpenetrated net in 1 is now fused into a single net in 2 (Fig. 3c and d) . The organic ligand, poly-bppcb, is enclosed inside the channels formed by the [Zn(bdc)(fa) 2 ] brickwall layers along the a-axis and is cross-linked with the Zn II atoms through pyridyl N atoms. This SCSC photo-polymerization of the bpeb ligands by [2+2] cycloaddition reactions causes the structural transformation of a doubly-interpenetrated non-porous MOF with cds topology to a noninterpenetrating network with a new topology. This unusual binodal net is built from the tetrahedral nodes of Zn(II) atoms and square planar nodes created by the cyclobutane rings of the poly-bppcb ligand. It is this infinite extension of the ligand which results in a new (4, 4) connected net which we call jjv2 with point symbol {6 Solid state photoluminescence spectra were recorded for 1 and 2 and were compared with that of the bpeb ligand. The free ligand is weakly emissive in the yellow region, l max = 558 nm when excited at l ex = 360 nm. Compound 1 shows a strong green emission with a l max at 507 nm while 2 has a weaker emission which is blue shifted to more strong blue emission at l max = 429 nm which might be due to the loss of extended conjugation upon polymerization (Fig. S7 and S8, ESI †) .
In this work an interesting photoreactive non-porous MOF containing two different carboxylate spacer ligands was synthesized. The formate anion could only be incorporated into this MOF indirectly by the partial hydrolysis of the DMF. The bpeb ligands have been aligned in a slip-stacked manner in a plane such that each CQC bond in the bpeb ligand is aligned to different adjacent spacer ligands. Hence photochemical [2+2] cycloaddition reaction leads to the polymerization of the conjugated dienes in the bpeb ligands via [2+2] cycloaddition reaction. The infinite slip-stacked alignment has been achieved by the tetrahedral Zn(II) atoms in the cds topology instead of a diamondoid network as reported earlier. 3 The original two-fold interpenetrated cds structure is transformed under UV light to a noninterpenetrated structure jjv2, with a new topology, in a SCSC manner due to the formation of cyclobutane rings between the adjacent CQC bonds. This 3D structure has a 2D coordination polymer [Zn 2 (bdc)(fa) 2 ] fused together with an organic polymer, poly-bppcb, to give a new MOPF compound which is unlikely to be synthesized by any other means. We are currently exploring the possibility of extending this strategy to synthesize MOF-COF hybrid structures which are expected to exhibit interesting sorption properties. This work was supported by the NRF (2012R1A4A1027750), S. Korea, and the Ministry of Education, Singapore, through NUS FRC grant R-143-000-562-112.
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